Abstract. The kinematic model of industrial robots is the transformation between the working space and the space of joints. After analysis of the kinematic methods in the area of linkage mechanisms, the kinematic model was established according to DH method for a 6-DOF industrial robot. To verify the kinematic model, the graphic simulation of the industrial robot was established with Robotics Toolbox in Matlab. The calculation result of the kinematic model and the simulation are consistent. Experiments were carried out to verify the kinematic model, which shows that the kinematic model is correct.
Introduction
Industrial robots has been widely used in industrial production, the main application of which are assembly, welding, painting, etc. The kinematic modeling is very important for robots, and it is also the basis of calibration, trajectory planning and motion control. Kinematic through the determination of structural parameters the position and orientation of the robot's end-effector can be determined according to the kinematic modeling. Furthermore, the relationship between the position of the end-effector and the displacement of the joint angle can be described by the kinematic model. This paper takes a 6-DOF serial robot as the research object, the structure of which is shown in Fig.  1 . The kinematic model of the robot was established according to DH method. And the kinematic model was verified by the simulation result.
The most classic and basic robot kinematic modeling method is Denavit and Hartenberg method (referred to as DH), which was proposed by Denavit and Hartenberg. According to certain rules, the joint coordinate system is fixed on the corresponding linkage of the robot. The relationship of the adjacent two linkages can be described through a homogeneous transformation matrix. However, there are also some disadvantages in DH model, e.g. the singularity problem when two adjacent linkages are parallel or nearly parallel. In order to overcome the singular problem many scholars proposed improved methods of DH model or new models. Following the above steps, we can get coordinate systems and the parameters of the robot shown as Fig. 2 and Table 1 .
The parameters of the robot are shown in Table 1 : Table 1 Parameters of the industrial robot Joint No. 
The robot's kinematic equation is shown as Eq. (3) 
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The kinematic modeling simulation based on Matlab
Matlab is a kind of matrix arithmetic programming tool with visual and powerful function. It has been widely used in numerical calculation, product development, industrial research and scientific calculation.
In this paper, Robotics toolbox (its interface is shown in Fig. 3 ) was used to carry on the kinematic simulation, and the graphic model of the 6-DOF industrial robot is shown in Fig. 4 .
The control interface is shown in Fig. 3 . As q 1 -q 6 is corresponding to the input joint angles θ 1 -θ 6 , the values of input joint angle can be changed by dragging the slider of q 1 -q 6 accordingly. The established kinematic model can satisfy the kinematic model of the AACMM if the changes of joint angle are consistent with the graphic simulation in the Matlab.
By comparison, the calculation result based on the kinematic model and the graphic model of the robot were matched.
Experiment verification
Each joint of the experimental robots is random rotating and the same angle is joined in the simulation model, the comparison of the result between the simulation and the experiment in the zero position is shown in Fig. 5 . We selected ten points to be tested, including that the first point is the robot's zero position, the other points are random positions. The coordinates of the experiment robot can be extracted directly by the robot controller, and the coordinates of the robot controller are defined as the true values. The coordinates of the robot's end-effector are defined as the simulation values in the simulation model. The correctness of the established kinematics model can be judged by analyzing the calculated measuring coordinates and actual coordinates gathered by data acquisition software randomly. The joint angles save as integers and the values save as a decimal.
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According to the analysis of data in Table 2 , the error between the entity robot coordinate and the simulation robot coordinates is same, shown that the kinematics equation and model are reliable, as shown in Table 2 . 
Conclusion
The kinematic modeling method of the industrial robot was studied in this paper. DH method was chosen to establish the kinematic model of a 6-DOF robot. Then the matrix from the joint space to the working space of the robot was achieved through homogeneous transformation. Simulation calculation and experiments results show that the kinematic model is correct.
